Through utilizing pendant 2-[1,2,4]triazol-4-yl-ethylamine (tea) and two kinds of bis (pyrazol) construct a 2D layer. The electrochemical and photocatalytic properties of compounds 1-5 are studied.
Introduction
Polyoxometalates (POMs) have attracted extensive attention as an emerging branch of inorganic chemistry because of their diverse structures 1 and extensive applications in catalysis, medicine, magnetism, photochemistry and other elds.
2 POMs can provide abundant O donors to connect transition metal complexes (TMCs) to construct metal-organic complex materials with various structures and properties.
3 Among the abundant types of POM, some classical anions have received greater attention, such as the Keggin, Wells-Dawson, isopolymolybdate and Anderson anions. In addition, the octamolybdate-TMCs are an important branch. The octamolybdate anions have eight isomers: a, b, g, d, 3, z, h and q, 4 which can induce novel structures. Interestingly, two or more isomers can be captured in one octamolybdate-TMC compound. 5 Furthermore, the octamolybdate anions may share the same O atoms to build new Mo-chains. 6 Thus, the design and syntheses of octamolybdate-TMCs allow fascinating structures to be constructed to enrich the POM eld. For example, Zubieta and coworkers have published numerous relevant papers concerning the use of octamolybdate ions as building blocks for the design of an extended network.
7
In the synthetic strategy used for forming octamolybdateTMCs, the choice of appropriate organic ligands is essential and important. Flexible organic molecules have become more popular in building high-dimensional frameworks, especially containing two symmetrical coordination groups.
8 Organic ligands of this series contain exibility and more coordination sites, conducive to constructing novel topologies. Up until now, a large number of exible organic molecules containing two symmetrical coordination groups have been used, such as exible bis(triazole), 9 bis(imidazole) 10 and bis(tetrazole) ligands.
11 In our previous work, we have utilized a series of symmetric exible bis(triazole) ligands to build POM-based compounds.
12 On the other hand, pendant organic ligands containing only one coordination group are scarcely used in octamolybdate-based compounds. Compared with exible ligands with two symmetrical coordination groups, the pendant ligands may induce structures with low dimensionalities. 13 Thus, it is interesting and appealing to explore the inuence of pendant ligand with one coordination group and exible ligands with two symmetrical coordination groups on structural dimensionalities. In this work, we chose two kinds of ligand as the organic moiety with which to modify octamolybdate anions: pendant 2-[1,2,4]triazol-4-yl-ethylamine (tea) and the bis(pyrazol) ligands, 1,2-di(1H-pyrazol-4-yl)ethane (Hbhpe) and bis (3,5-dimethyl-1H-pyrazol-4-yl) 
Experimental

Materials and methods
All reagents and solvents for syntheses were purchased from commercial sources and used as received without further purication. Elemental analyses were achieved using a PerkinElmer 240C elemental analyzer, and Fourier-transform infrared (FT-IR) spectra were recorded on a Varian FT-IR 640 spectrometer (KBr pellets). Ultraviolet/visible (UV/Vis) absorption spectra were obtained using a SP-1601 UV/Vis spectrophotometer. Electrochemical measurements and data collection were performed using a CHI 440 electrochemical workstation connected to a Digital-586 personal computer. A conventional three-electrode system was used with a saturated calomel electrode (SCE) as the reference electrode and a Pt wire as the counter electrode. Modied carbon paste electrodes (CPEs) of the title compounds were used as the working electrodes.
X-ray crystallography
Crystallographic data for compounds 1-5 were collected on a Bruker SMART APEX II with Mo Ka (l ¼ 0.71073Å) by u and q scan mode at 293 K. All structures were solved by direct methods and rened on F 2 by full-matrix least squares using the SHELXL package. 14 For compounds 1-5, the hydrogen atoms attached to water molecules were not located, but were included in the structure factor calculations, as well as disordered Ag1 and Ag2 atoms in compound 5. Detailed crystal data and structures renement for 1-5 are given in Table 1 Preparation of 1-to 5-CPEs. Compound 1 modied carbon paste electrode (1-CPE) was synthesized as follows: graphite powder (100 mg) and compound 1 (90 mg) were mixed and ground together using an agate mortar and pestle for approximately 1 h to achieve the entire mixture. Then, 0.10 mL of the paraffin oil was added and stirred with a glass rod. The homogenized mixture was encapsulated to a 3 mm inner diameter hollow glass pipe with a length of 0.8 cm. The pipe surface was smoothed with weighing paper, and the electrical contact was assembled with the copper rod. In a similar process, 2-, 3-and 4-CPEs were synthesized with compounds 2, 3, 4 and 5. (Fig. 1 ). This tri-nuclear cluster is a discrete unit. No dimensional extension of the metal-organic subunit is possible because the -NH 2 group is difficult to link metal ions. Furthermore, the adjacent Mo 8 anions share the same O14 atoms to form an innite Mo-chain (Fig. 2) . The tri-nuclear [Cu 3 (tea) 2 (OH) 2 ] 4+ clusters are linked by an Mo-chain and K + atoms to form a 2D layer of 1 (Fig. 3a and b) . Adjacent layers share the same Cu 2+ ions to construct a 3D framework, as shown in Fig. 3c . In compound 1, the tri-nuclear metal-organic subunit is only a 0D cluster, with contributions from the Mochain and K + ions to build a 3D structure.
Results and discussion
Crystal structure of compound 2. Single-crystal X-ray structure analysis reveals that compound 2 consists of half a b-Mo 8 anion, one Ag + ion and one tea ligand (Fig. 4) . The b-Mo 8 anion contains six {MoO 6 } octahedra. All Mo atoms are in the +VI oxidation state and the Ag atoms are in the +I oxidation state according to valence sum calculations. 15 In order to balance the charge, two protons have been added in the formula of 2.
In compound 2, there exist only one crystallographically independent Ag + ion. The Ag1 ion adopts a "Y"-type geometry, coordinated with two N atoms (N1 and N2) from one tea ligand and one O1 atom from one Mo 8 anion. The Ag-N bond distances range from 2.221(4) to 2.253(4)Å, while the Ag-O bond distance is 2.320(3)Å and the N-Ag-N angle is 121.40 (13) (Table S1 †). In compound 2, one tea ligand still provides two successive N atoms to link two Ag + ions. Two tea molecule fuse two Ag + ions and a 0D bi-nuclear cluster is constructed. The -NH 2 still does not to coordinate with Ag + ions and the metal-organic dimension is not extended. However, b-Mo 8 plays the linking role in connecting adjacent bi-nuclear Ag + clusters through Ag1-O1 bonds to build a 1D chain of 2, as shown in Fig. 5 . Furthermore, the adjacent 1D chains are linked by hydrogen-bonding interactions (O5/Ag1 ¼ 2.923Å) to construct a 2D supramolecular layer (Fig. S1 †) . Crystal structure of compound 3. Single-crystal X-ray structure analysis reveals that compound 3 consists of half a g-Mo 8 anion, one Ag + ion, one tea ligand and one coordinated water molecule (Fig. 6 ). The g-Mo 8 anion contains six {MoO 6 } octahedral and two {MoO 5 } subunits at both ends. All Mo atoms are also in the +VI oxidation state and the Ag atoms are in the +I oxidation state according to valence sum calculations. 15 In order to balance the charge, two protons have been added in the formula of 3.
In compound 3, one Ag atom disorders into two (Ag1 and 
114.14(12)
, while the N-N-Ag angles range from 110.2(3) to 123.8(3) (Table S1 †).
The tea in 3 also offers two N atoms (N1 and N2) to link two metal ions. However, unlike compound 2, only N1 links one Ag + ion, while N2 links one Mo2 atom. Two tea offer two N1 atoms two fuse two Ag atoms, and a bi-nuclear Ag + cluster [Ag 2 (tea) 2 ] 2+ is formed. The bi-nuclear Ag + cluster through Ag-O9 and Ag-O6 bonds connect two adjacent g-Mo 8 to construct a 1D chain (Fig. 7) . Furthermore, the le N2 donors in [Ag 2 (tea) 2 ] 2+ coordinate with two g-Mo 8 anions through two Mo2-N2 bonds. This linking style of Mo-N bonds is a structural feature of g-Mo 8 anion, which owns two {MoO 5 } subunits at both ends. The existence of Mo-N bonds strengthens the stability of 3. The adjacent 1D chains are still further linked by hydrogen-bonding interactions (O1W/O7 ¼ 2.868Å) to construct a 2D supramolecular layer (Fig. S2 †) . Crystal structure of compound 4. Single-crystal X-ray structure analysis reveals that compound 4 consists of half a b-Mo 8 anion, one Cu 2+ ion and one H 2 bdpm ligand ( (4) , while the N-Cu-N angle is 93.1(6) (Table S1 †).
In compound 4, the adjacent b-Mo 8 anions connect each other through sharing two bridging O12 atoms to build a inorganic Mo-chain (Fig. S3 †) . The H 2 bdpm ligand exhibits a single coordination mode only, offering two apical N donors to link two Cu 2+ ions to construct a 1D zigzag Cu-H 2 bdpm chain (Fig. S4 †) . The H 2 bdpm with two symmetrical bis(pyrazole) groups induces the extensional metal-organic subunits. Two sets of Cu-H 2 bdpm chains cover the Mo-chain up and down, just like a "hamburger" chain, as shown in Fig. 9a . The adjacent hamburger chains are further linked by Cu1-O9 bonds to build a 2D layer, as shown in Fig. 5b and c. Crystal structure of compound 5. Single-crystal X-ray structure analysis reveals that compound 5 consists of half a q-type Mo 8 anion, one Hbhpe ligand and two Ag + atoms (Fig. 10) . The q-Mo 8 anion owns four {MoO 6 } octahedra, two {MoO 5 } and two {MoO 4 } subunits. All Mo atoms are in the +VI oxidation state and all Ag atoms are in the +I oxidation state according to valence sum calculations.
15
In compound 5, there are two crystallographically independent Ag ions (Ag1 and Ag2) with two different coordination geometries. Ag1 is six-coordinated with two N donors (N2 and N3) from two Hbhpe ligands and four terminal O atoms (O5, O6, O7 and O11) from three q-Mo 8 anions, with Ag-N bond distances of 2.208 (5) In compound 5, the Hbhpe ligand provides four N atoms to link four Ag + ions, showing a "U" conguration. These two symmetrical pyrazole groups induce an extensional structure, a 1D cycle-connecting-cycle chain, as shown in Fig. 11a . (Fig. 11b) . The metal-organic cycle-connecting-cycle chain links the inorganic chain vertically through sharing the tetra-nuclear cycles. Furthermore, a 2D layer of 5 is constructed (Fig. 11c) .
The inuence of pendant tea and symmetrical bis(pyrazol) ligands on dimensional extension of metal-organic subunits. In recent years, pendant ligands involving only one coordination group and exible ligands with two symmetrical coordination groups have attracted considerable attention for the construction of POM-TMCs. These two kinds of ligand show distinct coordination modes, which can induce different structures. In this work, we chose the pendant tea and symmetrical bis (pyrazole) Voltammetric behavior of 1-CPE in aqueous electrolyte and its electrocatalytic activity
We studied the electrochemical properties of compounds 1-5.
Owing to the similar electrochemical behaviors of compounds 1-5 modied carbon paste electrodes, 1-CPE has been used as a representative example to study the electrochemical properties. Cyclic voltammograms for 1-CPEs in 0.1 M H 2 SO 4 + 0.5 M Na 2 SO 4 aqueous solution at different scan rates are presented in Fig. 12 . In the potential range from +600 to À250 mV, two reversible redox peaks I-I 0 and II-II 0 are seen, with half-wave potentials E 1/2 ¼ (E pa + E pc )/2 of +228 (I-I 0 ), +70 (II-II 0 ) mV (scan rate: 80 mV s À1 ). These two redox peaks should be ascribed to two consecutive two-electron process of Mo 8 .
17 From 20 to 500 mV s À1 of scan rates, the peak potentials change gradually: the cathodic peak potentials shi towards the negative direction, while the corresponding anodic peak potentials shi to the positive direction. Fig. 13 shows cyclic voltammograms for the electrocatalytic reduction of nitrite and bromate at 1-CPE in 0.1 M H 2 SO 4 + 0.5 M Na 2 SO 4 aqueous solution. With the addition of bromate, the second reduction peak currents increase gradually, while the corresponding oxidation peak currents gradually decrease. However, the rst redox peak remains almost unchanged. Furthermore, it can clearly be seen that with the addition of nitrite, both reduction peak currents gradually increased and the corresponding oxidation peak currents visibly decreased indicating that 1-CPE exhibits good electrocatalytic activity for the reduction of bromate and nitrite.
Photocatalytic activity
Under UV light irradiation, we selected two organic dyes, methylene blue (MB) and rhodamine B (RhB), as model 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400, 450 and 500 mV s À1 , respectively). pollutants in aqueous media to study the photocatalytic activities of compounds 1-5. In the process of photocatalysis, 150 mg of compounds 1-5 were decentralized in 0.02 mmol L À1 MB/ RhB aqueous solution (90 mL) and magnetically stirred for about 10 min to ensure the equilibrium in the dark. Then the mixed solution was exposed to a UV Hg lamp with continuous stirring. At every interval (20 min for MB and 60 min for RhB), 5.0 mL samples were removed for analysis by UV-Vis spectrophotometer. We can clearly see that the percentage of MB degradation photocatalyzed by 1-5 increased clearly with increasing reaction time (Fig. 14) . The conversions of MB are 75% for 1, 80.0% for 2, 95.2% for 3, 80.3% for 4 and 66.2% for 5, aer 80 min (Fig. S6a †) . Fig. 15 shows the photocatalytic degradation of RhB with the conversions of 39.5% for 1, 71.1% for 2, 70.3% for 3, 46.3% for 4 and 61.4% for 5, aer 240 min (Fig. S6b †) . This result shows that compounds 1-5 have good photocatalytic activities for the degradation of MB, while compounds 2, 3, 4 and 5 can act as good photocatalysts for the degradation of RhB.
Conclusions
In this paper, by using pendant tea and bis(pyrazole) ligands H 2 bdpm and H 2 bhpe, ve new Mo 8 -based compounds have been synthesized under hydrothermal conditions. Single coordination group (tea) and two symmetrical bis(pyrazole) groups (H 2 bdpm and H 2 bhpe) induce 0D and 1D metal-organic subunits, respectively, in these ve structures. The bis(pyrazole) ligands can induce extensional structures with ease. It is therefore rational to use pendant and bis(pyrazole) ligands to tune the metal-organic dimensionality of 1-5.
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